Abstract. Understanding the traits of invasive species may improve the ability to predict, prevent, and manage invasions. I compared morphological and performance traits of five congeneric pairs of invasive and noninvasive Commelinaceae across a factorial experiment using a range of water and nutrient availabilities. Invasive species had greater fecundity and vegetative reproduction than their noninvasive relatives. The invasive species also had higher relative growth rates, greater specific leaf area, and more plastic root-to-shoot ratios than noninvasive species. However, whether a trait was associated with invasiveness often depended on both environment and relatedness. Invasives had greater sexual and vegetative reproduction, higher specific leaf area, and greater relative growth rates than noninvasive congeners, but only in some environments. Differences between invasive and noninvasive taxa were greatest at high nutrient availabilities. These results suggest that studies of invasive species' traits must incorporate information on conditions under which the trait was measured. In addition, incorporating information on relatedness improved our ability to detect associations between species traits, such as specific leaf area and relative growth rate, and invasiveness, suggesting that such information may be required for a complete understanding of what makes a species invasive.
INTRODUCTION
Because of the potentially large ecological and economic effects of biological invasions (e.g., Vitousek and Walker 1989, Perrings et al. 2000) , interest has increased in determining what characters are associated with invasive species (e.g., Daehler and Carino 2000 , Kolar and Lodge 2001 , Marchetti et al. 2004 . Invasive species are those that have spread rapidly outside their native ranges (see Plate 1; Richardson et al. 2000b) . A better understanding of traits associated with invasion may allow us to predict the potential invasiveness of exotics that have not yet been introduced (Pheloung et al. 1999, Daehler and Carino 2000) and to better control existing invaders (Parker 1997) .
Many workers have attempted to identify traits that may be associated with invasive plant species. For example, broad correlative studies have revealed that invasive plant species often have small seeds (e.g., Pinus, Pinaceae; Grotkopp et al. 2002) , prolific seed production (Pheloung et al. 1999) , and vegetative reproduction (Reichard and Hamilton 1997) , but no single trait predicts invasiveness across the vascular plants (e.g., Pysˇek 1998 , Pheloung et al. 1999 . Reports also disagree about whether some traits are associated with invasiveness. For example, Grotkopp et al. (2002) found high relative growth rates to be associated with invasiveness in Pinus, whereas Bellingham et al. (2004) found that relative growth rate was unrelated to invasiveness. These conflicting reports, and the observation that individual traits are insufficient to predict invasiveness, suggest that the problem of what makes a species invasive is far from solved (Mack et al. 2000) .
One difficulty is that broad studies of invasive species' traits often fail to take into account variation in trait expression across environments. The expression of many plant traits is environment dependent, and the performance of invasive species relative to native species can differ with environment (Daehler 2003) . For example, some invasive Commelinaceae species have higher relative growth rates than noninvasive species under high nutrient conditions, but under low nutrient conditions this relationship no longer holds (Burns 2004) . The conditions under which plant traits are measured may influence the interpretation of trait associations. Studies under a single set of conditions can still be useful, but taking into account variation in trait expression across environments is a next logical step in efforts to understand what traits influence invasiveness.
Environment dependence of traits means that models predicting invasiveness must consider the conditions under which those traits were measured, potentially increasing the accuracy of predictions and allowing for 1 E-mail: burns@bio.fsu.edu evaluation of trait plasticity. Finally, understanding the environment dependence of performance will generate predictions about environments subject to invasions, allowing managers to focus on more vulnerable environments.
Designing comparative studies of invasive species
A growing number of authors recognize that traditional approaches to understanding characteristics of invaders have often lacked correction for relatedness (Grotkopp et al. 2002 , Gerlach and Rice 2003 , Burns 2004 . Phylogenetically naive analyses of trait associations with invasiveness cannot separate the effects of relatedness and invasiveness. Failure to correct for relatedness may bias views of what makes a species a successful invader (Crawley et al. 1996 , Daehler 1998a , Pysˇek 1998 . Therefore traits associated with invasion in a broad correlative study may be associated either with invasion per se or with taxonomic groups that are predominantly invasive.
Many previous studies have compared invasive species to native species (e.g., Baruch and Goldstein 1999, Kolb and Alpert 2003; reviewed in Daehler 2003 ; but see Goodwin et al. 1999 , Grotkopp et al. 2002 , Burns 2004 , Marchetti et al. 2004 , but this comparison cannot reveal why some introduced species become invasive and others do not. A stronger case can be made for comparing invasive species with introduced species that have failed to spread and become invasive. The wrong comparison group can lead to erroneous conclusions about characteristics of invaders (see Sutherland 2004 for analyses using different comparison groups).
Broad correlative studies are often based on traits that can easily be gleaned from the literature (e.g., Reichard and Hamilton 1997) . Traits more closely related to fitness, such as growth rates and fecundity, are harder to obtain but may make better predictors of invasiveness than traits like seed size (e.g., Wu et al. 2005) .
This study takes phylogenetic relatedness into account, compares invasive species to noninvasive species, and examines traits closely tied to fitness. I compared five pairs of invasive and noninvasive congeners from the Commelinaceae in a factorial experiment with two levels of water and nutrient availability to determine (1) under what conditions some invasive species outperform their noninvasive congeners, (2) which traits are associated with invasive species and to what extent trait associations with invasive or noninvasive species are environment dependent, and (3) whether incorporating information about relatedness increases the ability to detect trait associations. Unlike a previous study (Burns 2004) , this study used five pairs of congeners to allow for tests of the influence of relatedness on analyses and uses a factorial experiment to determine the role of interactions between environmental factors on traits of invasive species. It also incorporates five new traits, which may influence invasiveness (e.g., seed number).
METHODS

Study system
The Commelinaceae is a family of herbaceous monocots with approximately 630 species in 40 genera (Faden 2000) . Eleven of those species are known to be invasive (e.g., USDA 2002 , FLEPPC 2003 . Molecular phylogenetic analysis is consistent with traditional taxonomic classifications (Faden and Hunt 1991) that break the family up into two major tribes: the primarily old world Commelineae and the primarily new world Tradescantieae (Evans et al. 2003 ). An unpublished chloroplast region phylogeny is consistent with Commelina and Murdannia being monophyletic genera (Burns, unpublished data) . Tradescantia blossfeldiana and T. fluminensis (see Plate 1) are also sister to one another in this phylogeny, consistent with taxonomic classifications (Hunt 1980) . T. zebrina and T. brevifolia are, however, rather distantly related, and Tradescantia does not appear to be monophyletic (Evans et al. 2003; Burns, unpublished data) .
Experimental design
I conducted a greenhouse experiment comparing the morphological and performance traits of five species pairs of invasive and noninvasive congeners in the Commelinaceae (Appendix). These species are not necessarily sister species, but are more closely related to one another than to other species in this experiment, with the exception of Murdannia keisak, which is sister to the remaining three species of Murdannia (Burns, unpublished data) . Relatedness was judged on the basis of taxonomic classifications (Hunt 1980, Faden and Hunt 1991) , a genus-level chloroplast phylogeny (Evans et al. 2003) , and an unpublished, species-level chloroplast phylogeny (Burns, unpublished data) .
For the purposes of the experiment, species were considered invasive if they were so classified by published sources and authorities (e.g., USDA 2002 , FLEPPC 2003 . Species were considered noninvasive if they have not been reported to be invasive but have been widely introduced outside their native range (Burns 2004, Burns and Winn 2006; Appendix) . Species in each pair were chosen to be as similar as possible in native range (Faden 1982 , Wiersema and Leon 1999 R. B. Faden, personal communication.) and life history (Appendix), within the constraints of availability and relatedness; the Murdannia pairs differ in life history, however. One member of each pair is annual and the other, perennial. Pairs differ in mating system; three pairs consist of self-compatible species (Commelina and both Murdannia pairs) and two of self-incompatible species (both Tradescantia pairs). In as much as species within pairs are similar (e.g., in life history), this controls for life history, but does not give this study the power to detect whether factors such as life history, native range, or self-compatibility influence invasiveness.
A preliminary experiment with two species (Commelina benghalensis and Tradescantia fluminensis) at two levels of water and nutrient availability revealed a significant interaction between the effects of water and nutrient availabilities on total biomass (F 1,32 ¼ 34, P , 0.0001), suggesting that a factorial experiment would be necessary to reveal how these environmental factors can interact to influence the performance of the invasive and noninvasive species.
The factorial experiment reported here had two levels of water and nutrient availability and five pairs of invasive and noninvasive congeners. Fifteen replicates were included for a total of 600 pots: 2 water 3 2 nutrients 3 10 species 3 15 replicates. Individuals were randomly assigned to six blocks designed to account for microsite variation in the greenhouse. All four treatment combinations were represented in each block, and their positions in the block were randomly assigned. All species were found in all six blocks. Individual plants were grown in 14 3 14 3 13.3 cm pots in two parts coarse sand and one part Promix soil (Premier Horticulture, Quebec, Canada), following Burns (2004) . The greenhouse temperature was maintained at approximately 248C (range 18.3-28.38C) with a relative humidity of 52-93%.
Planting started on 18 August 2004 and lasted until 30 August 2004. Each cutting had three nodes and two leaves and the meristem removed; cuttings for each species pair were planted on the same day, such that response variables are always comparable within a pair. Cuttings all originated from plants grown in a common greenhouse environment for at least a year to minimize maternal effects. Individuals that died during the first week after transplant were replaced. Plants were allowed to establish themselves for one week before the treatments were begun.
Treatments were initiated on 1 September 2004 and continued until plants were harvested, approximately 60 days later. The treatments were chosen to cover a broad range of responses by these species, on the basis of previous nutrient-and water-gradient experiments for a subset of species pairs (Burns 2004) . Individuals in the high and low water treatments were watered with tap water when soil-filled, plant-free calibration pots fell below 92% and 8% of water holding capacity, respectively. Individuals in the low nutrient treatments received no nutrient addition (other than ambient levels in the soil potting mixture), whereas high-nutrient individuals received balanced Peter's special fertilizer 20:20:20 N:P:K (W. R. Grace, Fogelsville, Pennsylvania, USA), applied as an aqueous solution (2.4 g/L) to soil saturation. To avoid confounding water and nutrient treatments, I applied nutrients only when both high and low water treatments required water, and low nutrient treatments were given water to soil saturation as a control for the water applied in the aqueous nutrient solution. Some nutrients may have been flushed from the high nutrient, high water availability treatment pots during watering.
Flowers were allowed to self-pollinate in the greenhouse, and no pollinators were observed in the greenhouse during the course of the experiment. Flowers were bagged so that all seeds could be collected. Cleistogamous seeds produced underground by Commelina benghalensis were collected at the harvest and typically remained attached to the stolon. Cleistogamously and chasmogamously produced seeds were pooled in this study, but their potential differential effects on plant fitness will be examined in a future study. Autogamous seed production is a conservative measure of potential reproduction and approximates an invasion scenario where pollinators are limited, specialize on native species, or have not yet learned to recognize invading flowers (e.g., Parker 1997 , Daehler 1998b , Larson et al. 2002 , Davis et al. 2004 ; but see Richardson et al. 2000a, Parker and Haubensak 2002) . Response variables ''total biomass of seeds per plant'' and ''number of seeds per plant'' were recorded.
A single most recently fully expanded leaf per individual plant was harvested between 9 and 11 October 2004 for use in estimating specific leaf area (SLA) (n ¼ 15 per species/treatment combination). Leaf areas were measured with a leaf-area meter (CI-201, CID, Camas, Washington, USA) to the nearest 0.01 cm 2 , and then leaves were dried and weighed to the nearest milligram. SLA was calculated as the area of a leaf divided by its dry weight.
To estimate the potential for vegetative reproduction in these plants, I recorded the number of above ground nodes per plant on 13 October 2004, including nodes on both upright and prostrate stems. This variable was used as an approximate measure of the maximum potential vegetative reproduction that any individual could express at that particular moment in time. All of these individuals can root at nodes, and a single node can be sufficient to establish a new individual. Although arbitrary, this measure is comparable among individuals within a species pair (but not across pairs because of differences in planting times). Plants were harvested by species pair, beginning with the species that were planted earliest, between 25 October 2004 and 1 November 2004. Individuals grew for 44-74 days, depending on harvest and planting dates. Plants were dried; biomass allocated to roots, shoots, and reproduction (e.g., spathes) was then weighed to the nearest milligram. Relative growth rate (RGR) was calculated on a natural log scale (RGR ¼ (ln(final biomass) À ln(initial biomass))/(days grown)) using estimated initial biomass (Appendix).
Data analysis
To determine whether invasive species differed on average from their noninvasive congeners, and whether that difference was environment dependent, I performed ANOVAs on total number of seeds per individual, total seed weight (weight of all seeds produced by a given individual), number of nodes, SLA, root-to-shoot ratio (R:S), RGR, and final total biomass. I analyzed a mixed The factorial experiment involved two levels of water and nutrient availability. Block and pair were treated as random effects, were considered nuisance variables, and are not shown here. NA ¼ not applicable, dropped from the model if far from significant on the first iteration. model, including block and pair as random effects and water, nutrients, invasive nested within pair, and all of their interactions as fixed effects (PROC MIXED, METHOD ¼ Residual Maximum Likelihood). Posthoc tests were performed on a general linear model with water, nutrients, invasive class, and their interactions treated as fixed effects. Seed-related biomass and growth-related response variables were natural-logtransformed for ANOVA, and zero values were dropped for seed-related variables to improve homoscedasticity. Dead individuals were treated as missing values for biomass variables. Ratio response variables (SLA, R:S) were square-root-transformed before analysis; RGR was not transformed.
Because apparent differences in allocation between invasive and noninvasive species could be due either to actual differences in allocation or to differences in ontogeny (Coleman et al. 1994 , Mu¨ller et al. 2000 , differences in effects of ontogeny were tested for R:S with an ANCOVA that included final biomass as a covariate (sensu Moriuchi and Winn 2005) . No effect of final biomass was found (F 1, 380 ¼ 0.41, P . 0.10), and results from the ANOVA are presented.
Taking relatedness into account may influence the interpretation of trait associations. To determine whether the variable ''nesting invasive within pair'' influenced the interpretation of the ANOVA, I performed identical ANOVAs with no effect of pair. These additional analyses revealed whether invasive and noninvasive species differed in the average value of the response, regardless of relatedness (or planting date).
Where invasive and noninvasive species, high and low water treatments, or high and low nutrient treatments had unequal variances (by Levene's test), Welch's oneway ANOVA was used to determine the robustness of full ANOVA results to correction for heteroscedasticity.
Paired t tests controlled for relatedness and revealed whether the invasive species differed from their noninvasive congeners in a consistent direction. Hypotheses were directional, so paired t tests were one-way, unless otherwise specified. Species that are self-incompatible were excluded from the analysis for seed-related traits (n ¼ 3). Paired t tests were not Bonferroni corrected because they are already conservative tests of the hypothesis that invasive and noninvasive species differ.
Backwards, stepwise, logistic regressions were used for two binary-response variables. The first was intended to determine the effects of water, nutrients, invasive class, and their interactions on the probability that an individual would produce any seeds. The second was used to determine whether invasive class or treatment influenced the probability of survival. Data analyses were conducted with SAS version 8.01 (SAS Institute 1999 , and data are presented as back-transformed means with asymmetrical 95% confidence limits (Sokal and Rohlf 1995) .
RESULTS
Morphological traits
Specific leaf area was significantly influenced by invasive class, water, nutrients, the interaction between water and nutrients, and the interaction between nutrients and invasive class (Table 1, Fig. 1 ). Invasive species had marginally greater SLA than noninvasive species (paired t test, P ¼ 0.091, n ¼ 5) under low water and high nutrient conditions but did not differ from them in other environments (paired t tests, P . 0.10, n ¼ 5).
Node production was influenced by invasive class, water, nutrients, the interaction between water and nutrients, and interaction between nutrients and invasive class (Table 1, Fig. 1 ). Invasive species produced significantly more nodes per individual than their noninvasive congeners under high nutrient availability (paired t test, high water/high nutrients, P ¼ 0.006, n ¼ 5; low water/high nutrients, P ¼ 0.004, n ¼ 5) and marginally more nodes than noninvasive species at low water and nutrient availabilities (paired t test, P ¼ 0.090, n ¼ 5), but one invasive species (Commelina benghalensis) produced fewer nodes per individual (mean ¼ 3.1) than its noninvasive congener (Commelina bracteosa; mean ¼ 4.5) in the low water, low nutrient treatment. The numbers of nodes per individual did not differ in the high water, low nutrient treatment (paired t test, P . 0.10, n ¼ 5).
Root-to-shoot ratio was influenced by invasive class, water, nutrients, the interaction of nutrients with invasive class, and the interaction among water, nutrients, and invasive class (Table 1, Fig. 1 ). It averaged higher for the invasive than the noninvasive species but only in the low water and nutrient treatment (paired t test, P ¼ 0.036, n ¼ 5). The invasive species were more plastic with respect to biomass allocation to roots and shoots than were noninvasive species (Table 1, Fig.  1 ), but only across two environments (paired t test, low water/low nutrients vs. low water/high nutrients, P ¼ 0.03, n ¼ 5; all other comparisons, P . 0.10, n ¼ 5).
Performance traits
Seed number was affected by invasive class, nutrient availability, and their interactions, but not by water availability (Table 1) . Invasive species produced a marginally greater number of seeds than their nonSpecific leaf area and root-to-shoot ratio were square-root-transformed prior to analysis. à Number of seeds, biomass of seeds, number of nodes, and total biomass were ln-transformed.
§ Number of nodes was rescaled [ln(number of nodes)3200] to improve the convergence of the residual maximum-likelihood model. August 2006 invasive congeners in the high water, low nutrient treatment (Fig. 2a , paired t test, P ¼ 0.068, n ¼ 3) and in the low water, low nutrient treatment (Fig. 2b , paired t test, P ¼ 0.066, n ¼ 3). Both species in the Commelina and Murdannia 1 pairs produced seed, as did the invasive species in the Murdannia 2 pair (Fig. 2) .
‹
The total biomass of seeds produced was also affected by invasive class, nutrients, and the interaction between invasive class and nutrients, but by not water (Table 1, Fig. 1 ). The invasive species produced marginally more biomass in seeds than their noninvasive congeners (paired t test, P ¼ 0.056, n ¼ 3) in the high water, high nutrient treatment and significantly more in all other treatments (paired t test, P , 0.05, n ¼ 3).
The probability of producing any seeds was influenced only by invasive class (v 2 ¼ 120, P , 0.0001) and not by water, nutrients, or any of their interactions (Fig. 3) .
Final biomass was influenced by invasive class, water, nutrients, and the interactions of water with nutrients, nutrients with invasive class, and water with invasive class (Table 1, Fig. 1 ). Final total weight was marginally greater for the noninvasive species in the high water, low nutrient treatment (two-tailed paired t test, P ¼ 0.089, n ¼ 5), but not in the low water, low nutrient treatment (two-tailed paired t test, P ¼ 0.144, n ¼ 5). Invasive species were never significantly larger than the noninvasive species.
Relative growth rate was affected by invasive class, water, nutrients, the interaction of water with nutrients, the interaction of nutrients with invasive class, and the interaction of water, nutrients, and invasive class (Table  1 , Fig. 1 ). It was generally higher for invasive than noninvasive species in the low water, high nutrient treatment (paired t test, P ¼ 0.003, n ¼ 5), but the noninvasive Murdannia bracteata had a slightly higher average RGR (0.0445 gÁg À1 Ád À1 ) than the invasive Murdannia keisak (0.0399 gÁg À1 Ád À1 ). The probability of survival was not affected by invasive class, treatment, or any interaction (P . 0.10).
Analysis issues
The assumptions of most ANOVAs were met, with the exception that variances of invasive and noninvasive species for the total number of seeds were not equal, and tests for an effect of invasiveness were significant in the ANOVA and not in Welch's one-way ANOVA. Also, in an analysis of the total biomass of seeds produced including 0 values, there was an effect of water and interactions with water, which did not exist in the analysis excluding 0 values. However, in the analysis including 0 values, the homogeneity of variance assumption was violated for ''water,'' and Welch's ANOVA suggested that ''water'' was not significant when correcting for differences in the variance. Therefore, the analysis without 0 values was presented. Residuals for all ANOVAs appear approximately normal (Quinn and Keough 2002) .
DISCUSSION
In the five pairs of invasive and noninvasive congeners compared here, invasive species outperformed their noninvasive congeners in fecundity and relative growth rate under favorable conditions. Invasive species appeared to be able to respond to enhanced nutrient and water availability by increasing growth and seed production to a greater extent than their noninvasive congeners. Certain traits were also associated with invasive class, but these associations were environment dependent.
Invaders outperformed noninvasive congeners in high-quality environments
Invasive species are expected to outperform noninvasive ones under at least some conditions. Because this was a greenhouse experiment, pollinators were absent, and only autogamous seed production was measured, so any differences between the self-incompatible Tradescantia species in seed production remain unknown. However, autogamy may be the most important type of seed production for invasive species, as it eliminates the need for pollinators or other genotypes, which are likely to be limiting in the early stages of colonization. I found that invasive species do have greater fecundity than noninvasive congeners, especially at high nutrient availabilities.
Relative growth rate (RGR) was higher for invasive than noninvasive species under some conditions, and the noninvasive species never had higher RGR. This result is consistent with other studies, which have found RGR to be positively associated with invasiveness (Grotkopp et al. 2002 , Burns 2004 ; but see Bellingham et al. 2004) . The invasive species would probably have gotten larger than the noninvasive species had the experiment run longer (assuming that the difference in RGR was maintained over time).
Because the performance of invasive species depends on environmental quality, these species are likely to be most invasive in high nutrient environments, consistent with the observation that most of them are found in disturbed sites, such as agricultural fields (e.g., Holm et al. 1977) . Management efforts (e.g., detection and eradication) might therefore be best spent in environments with high nutrient availability, as other studies have indicated (Daehler 2003) .
Trait associations with invasiveness were environment dependent
All of the traits examined here were influenced by environment to some extent (Table 1) . Vegetative   FIG. 3 . The proportion (6 SE) of individuals in an invasive class and treatment that produced seed. The probability of an individual producing seed is dependent on whether or not that species is invasive (v 2 ¼ 31.5, P , 0.0001), and not on water availability, nutrient availability, or any interactions among invasive class, water, or nutrients.
August 2006reproduction was the closest to a universal predictor of invasiveness and was greater for invasive than noninvasive species in three out of four treatments. Vegetative reproduction is associated with invasiveness in other taxa (e.g., Godfree et al. 2004) and is used as a predictor in a number of models (e.g., Reichard and Hamilton 1997, Pheloung et al. 1999) .
Species in the Commelinaceae family frequently produce roots at nodes, creating potentially independent ramets. All of these species are capable of producing new individuals from cuttings, and they did not differ significantly in establishment success (survival). The number of nodes produced per individual was used as a surrogate for vegetative reproduction and does not take into account differences in plant architecture. When members of a pair differed in architecture, the invasive species had a spreading habit (e.g., Tradescantia fluminensis) while the noninvasive species was upright (e.g., T. blossfeldiana); plant architecture may also favor vegetative spread of invasive species over that of noninvasive species. Thus the test for differences in vegetative reproduction between invasive and noninvasive species is conservative, and differences are likely to be even greater than indicated here.
High SLA is associated with invasiveness but depends far more heavily on environment than does vegetative reproduction. Higher SLA indicates thinner leaves, which may be cheaper to produce quickly than thicker leaves of a similar surface area (Lambers and Poorter 1992) . High SLA may therefore be associated with faster-growing species that evolved under nutrient-rich conditions (Lambers and Poorter 1992, Schippers and Olff 2000) . I found that invasive Commelinaceae have higher SLA than their noninvasive congeners under some conditions. Other studies have also revealed that high SLA may be associated with invasive species (e.g., Pammenter et al. 1986 , Baruch and Goldstein 1999 , Durand and Goldstein 2001 , Grotkopp et al. 2002 . I found that invasive species only had marginally higher SLA than their noninvasive congeners in one treatment, a result that suggests SLA will only be predictive under some conditions, and is contrary to the results of a previous study that suggested a stronger relationship between SLA and invasiveness (Burns and Winn 2006) .
Assessing environment dependence is also critical for determining plasticity of invasive species. Greater R:S is predicted to be adaptive under conditions where soil resources, rather than light, are limiting (Chapin 1980, Lambers and Poorter 1992) . I found that the invasive species evaluated here had more plastic allocation to roots and shoots than the noninvasive species (Table 1, Fig. 2 ). This greater plasticity may increase the performance of the invasive, relative to noninvasive, species where nutrient availability is low. The consistently greater total seed number produced by invasive species where nutrients were low (Fig. 1) is consistent with this possibility (cf. Burns and Winn 2006) . As the invaders perform best in fertile soil, it is also consistent with PLATE 1. Tradescantia fluminensis is an invasive species in New Zealand and the southeastern United States and is considered highly invasive by the Florida Exotic Pest Plant Council. Here, Tradescantia fluminensis carpets the understory of Meyer's Park, Tallahassee, Leon County, Florida, USA. Photo credit; J. Burns. observations that species from fertile habitats have plastic biomass allocation (Chapin 1980, Lambers and Poorter 1992) and with other observations of invasive species with high plasticity in biomass allocation (e.g., Caldwell et al. 1981 , Sexton et al. 2002 .
Relatedness influenced the detection of traits favoring invasiveness
Relatedness may also influence the interpretation of trait correlations, although very few studies of invasiveness have taken relatedness into account (but see Smith and Knapp 2001 , Grotkopp et al. 2002 , Gerlach and Rice 2003 , Burns 2004 . I found that relatedness influenced the interpretation of trait correlations. For example, I found higher SLA in invasive than in noninvasive species in paired analyses but not in unpaired analyses, suggesting that invasive species do have greater SLA than their noninvasive relatives but that, on average, these classes do not differ. Relative growth rate was also significant with pairing and not significant without. Analyses that do not take relatedness into account may therefore miss some correlates of invasiveness. On the other hand, if knowledge of relatedness is required for detection of these differences, then SLA and RGR may not be quick and easy screens for potential invasiveness, because such a screen would require knowledge of relatedness.
Conclusions
Traits that have been considered predictors of invasiveness in the literature, such as seed number or fecundity (Pheloung et al. 1999) , vegetative reproduction (Reichard and Hamilton 1997) , and high SLA (Grotkopp et al. 2002) , are associated with the invasive species I studied, but only under some growing conditions. Studies that attempt to predict invasiveness from characteristics of plants may fail to detect traits associated with invasiveness if those traits are measured under conditions not favorable to invasion (e.g., low nutrient conditions, Daehler 2003) . This problem may be particularly severe in studies that use traits gleaned from the published literature, because those traits were probably measured under native field conditions and may change in an introduced environment. Studies that screen for invaders would do well to test across a range of conditions for traits associated with invasiveness (preferably conditions representative of those in the potential introduced range, e.g., Bellingham et al. 2004) so that scientists can evaluate the invasive potential of a plant with greater confidence.
Finally, invasive and noninvasive species differ significantly in many of these traits within a pair, but some traits, like SLA, would not appear to differ in analyses that do not take relatedness into account. Thus, taking relatedness into account may give us a greater appreciation for what characteristics actually influence invasiveness rather than which are merely correlated with it, generating a more mechanistic understanding of what makes a species a good invader.
